Summary Circulating neuron-specific enolase (NSE) and chromogranin A (CgA) were measured in 128 patients with neuroendocrine tumours (NET) to compare their sensitivity and specificity, to investigate factors associated with elevated serum levels and to determine the usefulness of these markers in the follow-up of NET patients. NSE (Cispack NSE, Cis Bio Intemational, Gif-sur-Yvette, France; normal <12.5 gig h1), and chromogranin A (CgA-Riact, Cis Bio Intemational, normal <100 jig 1-') were measured in 128 patients without renal insufficiency.
Immunohistochemical detection of neuron-specific enolase (NSE) and chromogranin A CcA) is a Xen useful tool for the diagnosis of neuroendocrine tumours (NNET). Methods have been developed to measure serum NSE (Carnev et al. 1982 : Prinz et al. 1983 and CgA (O'Connor and Bernstein. 1984) . Both are considered as gaeneral markers of NET. as thev are detected in both neuroectodermal or endodermal NET. NSE and CgA reflect the metabolic and secreton-activity of tumours. respectively. and elex ated serum levels mav haxe different meanings. In NET with eutopic secretions. general markers may facilitate the interpretation of hormone levels such as pancreatic peptides. and their measurement may be more convenient than urinary measurements of 5-hydroxyvindolacetic acid. catecholamines and metabolites. Furthermore. the sensitivitv of aeneral markers is higher than that of the majority of ectopic secretions when all NET patients are considered (Enksson et al. 1989 ). Finally. they may be useful for the diagnosis and follow-up of patients in whom no hormonal secretion can be demonstrated (Sobol et al. 1989) .
NSE measurement has not been assianed a definite position in the dexelopment of NET. except for patients w-ith small-cell lunc carcinoma (Johnson et al. 1993) . This is because the sensitivitv of (Deftos. 1991 A recently dexveloped tu-o-site sandy ich immunoradiometric assav. using yell-characterized monoclonal antibodies directed against CgA. has been used (Degorce et al. 1996) in the present study. whose aims were (1) to compare the respectixve sensitivity and specificity of NSE and CgA. based on measurements of these markers in 128 NET patients and 53 controls. (2) to investigate factors related to increased serum levels of both markers and (3) to determine their usefulness in the follow-up of NET patients. (Elsa-hCT, Cis Bio International; normal <10 pg ml-'); serum glycoprotein hormone alpha subunit in GEP patients (aGP; normal in men and premenopausal women <1 ng ml-': normal in post-menopausal women <3 ng ml-') using a specific immunoradiometric assay (Ozturk et al, 1987) ; 24-h urinary 5-hydroxyin- Figures 2 and 3) . Both serum markers were elevated in 33 (26%) patients. Elevated CgA levels associated with normal NSE levels were found in 43 (33%) patients. Raised NSE levels associated with normal CgA levels were found in 15 (12%) patients. Thirty-seven (29%) patients were negative for both markers. In all groups of NET, CgA was more frequently elevated than NSE. Elevated NSE and CgA levels were found in 39% and 61% of patients with GEP NET, in 21% and 47% of MTC patients, and in 50% and 60% of phaeochromocytoma patients respectively ( (Figures 2 and 3 ). NSE and CgA had a specificity of 73% and 68%7. Cut-off values of 19 jg 1-1 for NSE and 160 jgc 1-' for CgA were associated with a specificity of 95%7. which led to a sensitivity of 19% and 38% for NSE and CgA respectively. Essential hypertension w as found in 7/36 (19%) control patients with normal CgA levels compared with 2/17 (12%) patients with elevated CgA levels. In control patients. CgA % as elevated in six digestive. five osvary. four breast. one lung. and one testis primary tumour. with extensive disease in 11 of them. One colon. one NSE and CgA in the follow-up of NET patients (Figure 1) In all six patients in shom a follo% -up study "as performed. at least one other secretion w as know n and measured concomitantlv. None of these six patients were treated w-ith somatostatin analogues during the observation period. Five of them had progressive disease and were studied until a few months before death. CgA levels correlated with the tumour burden and the evolution of other secretions in four out of six patients. as illustrated in Figure 1 . However. in one patient. despite the progression of the metastatic process. a dramatic decrease w as demonstrated in CgA and also aGP levels: in another patient. the evolution of CgA and aGP was quite the opposite. with CgA correlated with the evolution of tumour burden. NSE levels correlated with the evolution of the tumour burden in three of the six patients. In the three other patients. NSE exhibited fluctuating levels ( Figure 1 ) and was within the normal range. even during, disease progression in two cases. NSE levels correlated with the evolution of other secretions in onlv one of the six patients.
British Joumal of Cancer (1998) 78(8) After hepatic chemoembolization, a dramatic increase was demonstrated in NSE and CgA levels remained unchanged.
DISCUSSION
CgA proved to be a more sensitive general marker of NET than NSE with equivalent specificity. CgA and NSE had a 59% and 38% sensitivity respectively. Our results for both markers are in a lower range than that of other reported series (Cunningham et al, 1992; Nobels et al, 1997) . This may be related to the size of the patient population studied and also to its characteristics: a high percentage of patients had extensive disease (80%), a high percentage had previously been teated (89%), a relatively high proportion had no known secretions (30%) and patients with small-cell lung carcinoma or neuroblastoma, in whom NSE is known to be a sensitive marker, were excluded from the study. It is noteworthy that previous treatments, including somatostatin analogue therapy, did not influence the levels of both markers. CgA levels were determined using a novel two-site IRMA, for the first time in a large series of patients. The discrepancies between our findings and those of previous studies may primarily be due to the characteristics of our assay, compared with those of conventional radioimmunoassays (RIAs) used in most studies. CgA is highly affected by C-terminal proteolysis. Conventional RIAs are based on polyclonal antibodies partly directed to the C-terminal portion, and may detect both the entire CgA molecule and peptidic products. Our assay, which allows detection of molecular forms of CgA, is based on recognition of the median domain, which is less subject to proteolysis (Degorce et al, 1996) . These assays may, therefore, measure different molecular forms of CgA, but also peptides derived from CgA proteolysis. In all groups of patients with NET, CgA had a higher sensitivity than NSE. As previously reported, very high levels of CgA were found in patients with lung and pancreatic NET and in those with phaeochromocytoma.
NSE and CgA had a comparable specificity of 73% and 68% respectively. NSE has already been reported to have a low specificity (Vinores et al, 1984; Schmechel, 1985; Kaiser et al, 1989; Body et al, 1992; Nobels et al, 1997) . Like other authors in initial studies Bemsteir 1984: Eriksson et al. 1989) , we chose the upper threshold of the normal range of CgA to attain a high level of specificity. Further studies of patients with normal and benign disease will be necessary to obtain a more accurate definition of the normal range of CgA values with this new assay.
With a cut-off value fixed at 160 gg 1-1, CgA anained a specificity of 95% but sensitivity then fell to 38%. The control group has a major influence on specificity results. The elevated CgA values found in this group cannot be attnbuted to undetected mixed tumours in the eight patients studied, as initially suggested, nor to essential hypertension (O'Connor et al, 1989; Hsiao et al, 1991) . As patients with renal insufficiency were excluded, we postulate that elevated CgA levels in the control group may have been related to the effect of stress frequently experienced by this particular population of patients with non-endocrine cancers (Cryer et al, 1991; Deftos, 1991) . The influence of stress on CgA levels should then be evaluated in future studies.
Factors associated with elevated NSE and CgA levels in patients with NET other than small-cell lung carcinoma, have seldom been studied. In our study, raised NSE levels were significantly associated with porly differentiated tumours. Previous studies claimed that NSE may reflect cell necrosis (Prinz et al, 1982; Bork et al, 1988; Kaiser et al. 1989; Schurmann et al, 1990; Cunningham et al, 1992) rather than the tumour burden, and a large population of necrotic cells is frequently encountered in poorly differentiated NET. Our findings are not in support of NSE as a direct marker of tumour burden. In contrast, CgA was found to reflect both tumour burden and tumour secretion, but independently. Elevated CgA levels may, therefore, either be related to extensive or functioning disease. As the mean CgA level differed only when the secretory activity of NET was taken into account and not the tumour burden, this result further suggests that the secretory activity of NET may be the key element influencing CgA results. Twenty-eight per cent of patients had no other secretions but elevated CgA levels and they mainly had extensive disease. This suggests that the clinical interest of CgA measurement in patients with limited disease and no detected secretion could be limited. The question as to whether increased CgA levels in patients with no oter known secretion reflects undetected hormonal secretions or other mechanisms of CgA secretion, remains unresolved.
As suggested by studies on physiological mechanisms of secretions, only peptide-and amine vesicle-mediated exocytotic secretions were associated with raised CgA levels, whereas glycoprotein secretions were not (Kelly. 1985; Handwerger et al. 1987) . Finally, our study demonstrated that the secretion of these two general markers may reflect different pathophysiological processes, as further suggested by the evolution of NSE and CgA levels after hepatic chemoembolization, which induced an isolated rise in NSE levels, reflecting cell lysis.
Follow-up studies of six NET patients provided further insights: CgA levels were found to correlate with tumour burden in five out of six patients. A discrepant evolution was found between the tumour burden and CgA levels in one patient, which could be related to an end stage loss of tumour differentiation. In contrast. NSE demonstrated fluctuating levels in half of the patients, precluding its use as a marker of tumour burden during follow-up.
We suggest that CgA measurement should be routinely performed in NET patients, without highly conserved eutopic secretion, such as in foregut-derived NET including nonfunctioning pancreatic NET. In all other NET including MTC, phaeochromocytoma, functioning pancreatic and midgut-derived NET, data derived from CgA measurement or eutopic secretions (CT, catecholamine, pancreatic peptide. 5-HLA) should be evaluated in future studies.
In conclusion, CgA was found to be more sensitive than NSE, was found to correlate with tumour burden and demonstrated a better correlation with tumour burden evolution. We suggest that CgA ought to be the only general marker routinely screened in NET patients.
